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INTERNATIONAL ELECTROTECHNICAL COMMISSION
INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE

RADIO INTERFERENCE CHARACTERISTICS
OF OVERHEAD POWER LINES
AND HIGH-VOLTAGE EQUIPMENT -

Part 1: Description of phenomena

FOREWORD

1) The|lnternational Electrotechnical Commission (IEC) is a worldwide organization zati hprising
all |national electrotechnical committees (IEC National Committees). i romote
intefnational co-operation on all questions concerning standardization in t c nic’figlds. To
this|end and in addition to other activities, IEC publishes Internationak’Standards, hai ifications,
Technical Reports, Publicly Available Specifications (PAS) and Guid a e s IEC
Pubjication(s)”). Their preparation is entrusted to technical committe€s; a atlona Commlttee inferested
in the subject dealt with may participate in this preparatory work. e iana € d non-
governmental organizations liaising with the IEC also participate i 2 E closely
withl the International Organization for Standardization (IS i 5 s ned by
agr¢ement between the two organizations.

2) The|formal decisions or agreements of IEC on technical &rs ible, ani hational
congensus of opinion on the relevant subjects singé“each i i i rom all
intefested IEC National Committees.

3) IEC|Publications have the form of recommendations ional_use and are accepted by IEC National
Compmittees in that sense. While all reasonable efforts de to ensure that the technical contenf of IEC

Pubjications is accurate, IEC cannot be
misinterpretation by any end

e way in which they are used or [for any

4) In grder to promote intern i ommittees undertake to apply IEC Publjcations

trangparently to the m i i ir mational and regional publications. Any divérgence
between any IEC Publicati € ) ponding-national or regional publication shall be clearly indi¢ated in
the |atter.

5) IEC]|itself does rot p 2 i ormity. Independent certification bodies provide copformity
assessment servic ity. IEC is not responsible |[for any
ser\ices carried out by i i ior i

6) All ysers should test edition of this publication

7) No liability shall a ch to Ik i ctors, employees, servants or agents including individual expgrts and
members of(its te i s and IEC National Committees for any personal injury, property darhage or
othgr damage of any hatsoever, whether direct or indirect, or for costs (including legal fe¢s) and
expense€s arising “eut“of t e publication, use of, or reliance upon, this IEC Publication or any other IEC
Pubjications.

8) Attgntion is drawn to ormative references cited in this publication. Use of the referenced publicdtions is
indispensableferthe correct application of this publication.

9) Attention, is) drawn to the possibility that some of the elements of this IEC Publication may be the supject of
patgntirights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

CISPR 18-1, which is a technical report, has been prepared by CISPR subcommittee B:
Interference relating to industrial, scientific and medical radio-frequency apparatus, to other
(heavy) industrial equipment, to overhead power lines, to high voltage equipment and to
electric traction.

This second edition cancels and replaces the first edition published in 1982. It is a technical
revision.
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This edition includes the following significant technical changes with respect to the previous
edition: while the first edition of CISPR 18-1 only covered the direct distance D, for the
establishment of standard profiles for the lateral radio noise field emanating from HV
overhead power lines, this second edition now also allows for use of the lateral distance y, for
these purposes. This way it allows for the establishment of standard profiles for the lateral
radio noise field also from modern HV overhead power line constructions with tall suspension
towers.

The text of this technical report is based on the following documents:

DTR Report on voting

CISFR/B/4Y5/D TR CISFR/B/OUT/RVEC
Full information on the voting for the approval of this technical rep6 in the
report|on voting indicated in the above table.
This teéchnical report has been drafted in accordance with the ISO/I
A list| of all parts of the CISPR 18 series can be Radio
interfdrence characteristics of overhead power lines e IEC
websife.
The cpmmittee has decided that the contents” of i : [ d until
the stpbility date indicated on the IEC e "http://webstore.iec.ch" in th¢ data
relatedl to the specific publication. At this date i
* reg¢onfirmed,

* withdrawn,
* replaced by a revise
+ amended.

A bilingual versith'

e’issued at a later date.
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INTRODUCTION

This technical report forms the first of a three-part publication dealing with radio noise
generated by electrical power transmission and distribution facilities (overhead lines and
substations). It contains information in relation of the physical phenomena involved in the
generation of electromagnetic noise fields. It also includes the main properties of such fields
and their numerical values. Its content was adjusted such as to allow for use of the lateral
distance y for the establishment of standard profiles for the lateral radio noise field emanating
from HV overhead power lines.

The technical data given in this part 1 of the CISPR 18 series are intended to be a useful aid
to ovgrhead line designers and also to anyone concerned with checking the radio] noise
performance of a line to ensure satisfactory protection of wanted radio sighals. data
should facilitate the use of the recommendations given in its parts 2 an

— | methods of measurement and procedures for determining lin

— | code of practice for minimizing the generation of radio ne

The ClISPR 18 series do not deal with biological effects o
to exposure in electromagnetic fields.

any issues related

This technical report has been prepared in orde yvide, informatien on the many factors
involved in protecting the reception of re e Visi e due
to higlL voltage overhead power lines € 2 i . should
be of @assistance when means of avoiding orabati

Information is mainly given on the ge m a.c.
powerllines and equipment© i Qve 1Hz to

30 MHz (a.m. sound bro g and

televidion broadcasting € taken
into agcount. Some informati is i es for
which|corona an@

The ggeneral procedd ishi s and
equipment is given, tog ent.
The clause on limi js it is
only in these w ) mples
of limits en, as
measyring [ been

fully resolved: Site mgasurements and service experience have shown that levels of| noise
from gower lines atfréquencies higher than 300 MHz are so low that interference is unlikely to
be catrsed to television reception.

The values of limits given as examples are calculated to provide a reasonable degree of
protection to the reception of broadcasting at the edges of the recognized service areas of the
appropriate transmitters in the a.m. radio frequency bands, in the least favourable conditions
likely to be generally encountered. These limits are intended to provide guidance at the
planning stage of the line and national standards or other specifications against which the
performance of the line may be checked after construction and during its useful life.

Recommendations are made on the design, routing, construction and maintenance of the lines
and equipment forming part of the power distribution system to minimize interference and it is
hoped that this publication will aid other radio services in the consideration of the problems of
interference.
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RADIO INTERFERENCE CHARACTERISTICS
OF OVERHEAD POWER LINES
AND HIGH-VOLTAGE EQUIPMENT -

Part 1: Description of phenomena

1 Scope

This pjart of CISPR 18, which is a technical report, applies to radio noise ffom overhead [power

lines 4§ scope
of thig lesign
aspec ifs and

predic s and

assoc
The fri

Radio
is not

ailway traction syjstems

2 N
The fq or the application of this docyment.
For dg : i dition
of the
IEC 60050-161, Vocabulary (IEV) — Chapter | 161:
Electr
CISPH s and
metho suring
appar

CISPR
high-violtag
limits

dio interference characteristics of overhead power line$ and
Part 2: Methods of measurement and procedure for determining

ISO/IFC\Guide 99, International vocabulary of metrology — Basic and general concepls and

ool £ VAWA L W AY
aSSOC atvu iorirro {viriviy

NOTE Informative references are listed in the Bibliography.
3 Terms and definitions

For the purposes of this document, the terms and definitions given in the IEC 60050-161 and
the ISO/IEC Guide 99 apply.
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4 Radio noise from power lines

4.1 General

Radio noise from high voltage, which is to say above 1 kV, overhead power lines may be
generated over a wide band of frequencies by

a) corona discharges in the air at the surfaces of conductors, insulator assemblies and
hardware;
b) discharges and sparking at highly stressed areas of insulators;

c) sparking at loose or imperfect contacts of hardware.

The spurces of a) and b) are usually distributed along the length of the line, b
usually local. For lines operating above about 100 kV, the electric s
surface of conductors and hardware can cause corona discharges. £
or bragken or cracked insulators can give rise to local sources o

t souree c) is
ir |at the

overhe¢ad lines.

If the field strength of the radio noise at the antennas e 3l d and
televidion services is too high, it can cause degradation of und 0 tput and, in the case
of television, the picture also.

The dgeneration of radio noise is affect itions, , ductor
corona is more likely to occur in wet we c g [ pn the
conductors whereas, under these conditi i ith| water
droplgts and the generation of radio noise, by thi , . Dse or
imperfect contacts are more likely to \ e iti . i lators

tors is
iops.

may chuse interference i
more likely to occur when

For interference-free re
high ratio is av

the leyel of the unwa
signal| strength is

noise.

glevision signals it is important that a sufficiently

>eiver between the level of the wanted signpal and
erference may therefore be experienced when the
conditions are conducive to the generation of radio

When|investigating radi t should be borne in mind that the local field may be daused
by a (i f sources as the noise may be propagated along the line gver a
considerable distance:

4.2 |Physical aspects of radio noise

4.2.1 Mechanism of formation of a noise field

4.2.1.1 General

Corona discharges on conductors, insulators or line hardware or sparking at bad contacts can
be the source of radio noise as they inject current pulses into the line conductors. These
propagate along the conductors in both directions from the injection point. The various
components of the frequency spectrum of these pulses have different effects.

In the frequency range 0,15 MHz to a few megahertz, the noise is largely the result of the
effect of propagation along the line. Direct electromagnetic radiation from the pulse sources
themselves does not materially contribute to the noise level. In this case the wavelength is
long in comparison with the clearances of the conductors and thus the line is not an efficient
radiator. However, associated with each spectral voltage and current component, an electric
and a magnetic field propagate along the line. In view of the relatively low attenuation of this
propagation, the noise field is determined by the aggregation of the effects of all the
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discharges spread over many kilometres along the line on either side of the reception point. It
should be noted that close to the line the guided field predominates, whereas further from the
line the radiated field predominates. The change-over is not abrupt and the phenomenon is
not well known. This effect is not important at low frequencies but is apparent at medium
frequencies.

However, for spectral components above 30 MHz where the wavelengths are close to or less
than the clearance of the line conductors, the noise effects can be largely explained by
antenna radiation theory applied to the source of noise, as there is no material propagation
along the line.

It shoptd—be applcuiatcu', hrowever—that—36MHz—does ot represent—a ctear—dhivicht g line
betwepn the two different mechanisms producing noise fields.

4.2.1.2 Longitudinal propagation

In the| case of a single conductor line mounted above the gr imultgneous
propagation of a voltage wave U(t) and a current wave /(t).

For a|given frequency the two quantities are related f eSS X l(w)
where|Z, also a function of w, is the surge impedanc i

During propagation the waves are attens

Up angl Iy are the amplitude . is\tHe distance of propagation along th¢ line.

In cage of multiphase_ i > i ows that any system of voltages or cyrrents
becones distor 3 L_is\t0 say, the attenuation varies with the digtance
propagated and it differs eackiconductor. Theory of propagation and actual measuregments
on poyer lines haye 8 Iltages on the phase conductors can be considefed as
being |[made up ¢ es", each one having components on every conductor.

One mode propaga S > conductors in parallel and earth. The others propgagate
betwepn conductors, e has its own different propagation attenuation. The complete
theory| o i complex and involves matrix equations outside the scppe of

this pdiblieatio eference)is made here to CIGRE and other published works. It is imgortant
to note¢ that the-attenuatioh of the conductor-to-earth mode propagation is fairly high, that is to
say 2 dB/km to-4~dB/km, while the attenuation of the various conductor-to-conductor mddes is
a small fraction of 1°"dB/km at a frequency of 0,5 MHz.

4.21.3 ETectromagnetic field

The radio noise voltages and currents propagating along the line produce an associated
propagating electromagnetic field near the line.

It should be noted here that in free space the electric and magnetic components of the field
associated with radiated electromagnetic waves are at right angles both to each other and to
the direction of propagation. The ratio of their amplitudes represents a constant value:

Evim)
(A/m)

=377Q

and is called the intrinsic impedance or impedance of free space.
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On the other hand, the fields near the line are related to the radio frequency voltages and
currents propagating along the line and their ratio depends on the surge impedance of the line
for the various modes. Furthermore, the directions of the electric and magnetic field
components differ from those for radiated fields in free space as they are largely determined
by the geometrical arrangements of the line conductors. The matter is further complicated by
the fact that soil conditions affect differently the mirror image in the ground of the electric and
magnetic field components, respectively.

The electric field strength E(y) at ground level of a single conductor line, which is the vertical
component of the total electric field strength, can be predicted by the following empirical
formula that has, in a lot of cases, proven to give a good approximation:

E(y)=120 1"

h +y2

where
I is the radio noise current, in A, propagating in the conducto
h is the height above ground, in metres, of the conductor;

y is [the lateral distance, also in metres, from a poi
copductor to the measuring point; and

directly undgr the

E is the electric field strength in V/m.

Furthg d, has
the sz radio
transnitter, that is to say 377 Q and-this i ) i ground

condugtivity.

In the ifeld strength is the vectorial sum |of the
individqual ) d with each phase conductor. A| more
comprehensive treatm together\with “practical methods of assessing the electromadgnetic
field, {s discussed in 5 8<2. The formula given above is a simplified version

accurate for a di nce © 2 ='0,5 MHz where D is the direct distance, in metres,
betwepn the 9 3 s the

meastl ductor
height C ately
corregponds Ao ™a C Id be
necespary. to take i

4.2.1

In the |case-ef*uniformy distributed noise sources, the field strength generated by a unit |ength

of a phase/conductor can be expressed at any point along the line as a function pf the
longitydinal distance x and the lateral distance y, that is to say, E(y,x). At a given Jateral
distance of y,

E(y.x)=Ep(y)e ™

The random pulses on a long line with uniformly distributed noise sources combine together
to form the total field. The manner in which they combine is not unanimously agreed upon.
Some investigators consider that they combine quadratically:

E2(y)=2[ E§(y)e " ax
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Eo

or E(y)= .
Yo

Other investigators believe that, if a quasi-peak detector is used to measure the field strength,

the individual pulses do not add and others have obtained results between the two extremes.

This disagreement is only important in analytical prediction methods, the results obtained by

the different methods vary by only 1 dB or 2 dB.

In case of multi-phase lines, the calculation follows the sample principle but is complicated by
the presence of several modes, each mode having a different attenuation coefficient. A more
detailed discussion, with examples of calculation, is given in Clause 6.

4.2.2 Definition of noise

The instantaneous value of the noise varies continuously and in a4 9 2 but its
avera@ge power level over a sufficiently long period, for example WVES tionary
random quantity which can be measured. Another quantity syitable ) is the

peak ¢r some weighted peak value of the noise level.

A noige measuring instrument is basically a tuneable g ot \ i with a
specifled pass-band. When connecting to a suitable rod oeop antenna and properly
calibrated, it can measure the electric or ma i 3 the noise field. For
measdrements of the magnetic component of ¢ fi [ e frequency range|up to
30 MHz, normally a loop antenna is S fitheé electric component|of the
noise field in the frequency range above MHz e-of.a\biconical antenna is recommgnded.

Depending on the design of the measuring iver, oise level can be measured in|terms
of r.m|s., peak or quasi-pea . ! evdefines the noise in terms of ehergy.
Many |types of noise from_eléctrical equi vell as noise due to power-line cprona,
consigt of a successi ith approximately stable repetition frequencies. In
such gases the nuisance effect he noi be realistically indicated by a quasi-peak type
of volimeter rathet The quasi-peak value is obtained from a [circuit
which|includes a h relatively short charge and long dischargg time
constants. The volta ge he capacitor floats at a value somewhat below the peak valye and
depends on the repetiti s,t0 say a weighting feature is included in the response.
This principle ishadopted, i SPR measuring receiver, details of which are giyen in
CISPR 16-1-1"The\noiselevelis thus defined by the value measured by such an instrument
expregsed in\mi icrovolts per metre (uV/m). Using the ratio of the elegtric to
magnetig” fi { | = 377 Q, the measured values can also be expresged by
conveptioh-i en for instruments using a loop antenna responding to the mdgnetic
field component,

4.2.3 Influence of external parameters

To determine the corona inception gradient g, of a cylindrical conductor with smooth surface,

Peek's formula is often used:

g. (kVicm) =31 6 [1+ O’BOBJ

Jor

For a.c. voltages, g, is the peak value of the gradient, r is the radius of the conductor in
0,294p

centimetres, 6=
273+T

is the relative air density (6= 1 for p = 1013 mbar and T = 25 °C).

However, practical conditions on overhead lines do not agree with these idealized
assumptions. Stranding of the conductors, surface imperfections and irregularities lead to
local enhancements of the electric field strength and consequently to a lower corona inception
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voltage than is obtained from the above formula. This often means that the critical gradient for
initiating radio noise has, under foul weather conditions, about half the value given by Peek's
formula.

Atmospheric conditions likewise play an important part in occurrence of corona and spark
discharges. In conditions of rain, fog, snow or dew, drops of water form on the surface of the
conductor and at low temperatures ice can form. This further reduces the corona inception
voltage and increases the noise level as shown in Clauses 5 and 6.

With regard to bad contacts and the production of small sparks, the effect of rain and humidity
is to bridge the relevant gaps either by water droplets or by humid layers, thus reducing the

level gf-this type ofmotse:

Rain gnd humidity thus affect the corona noise from conductors in a
to bad contacts. Hence when interference is observed during rain or
that it| is caused by corona. On the other hand, when interferen
weather and disappears or decreases during rain or fog, it is dye

4.3 |Main characteristics of the noise field resulting ffom
4.31 General

To rationalize the measurement of radio noise from S Cilitate
comparisons between different lines, it ole which
the me¢asurement is to be carried out.

The main characteristics of the noise fi rength
profile
first approximation that these.charac
4.3.2 Frequency sp
The frrequency in the
vicinity of a line, a f ved:
ticular
noise
ge of
ct, the
Thie attenuation of noise propagating along the line increases with frequency. This|effect
madifi i ' i ith i i ncy.

The measured spectra are often fairly irregular because of the standing waves caused by
discontinuities such as angle or terminal towers or abrupt ground level variations. In addition,
the noise generation might vary whilst the measurements are being made.

To aid prediction calculations, "standard spectra" are used. Experience has shown that all
spectra can be put into two families, one applying to horizontal conductor configurations, the
other to double-circuit and triangular or vertical conductor configurations. The difference
between these two families originates from the phenomenon mentioned in item b) above, the
propagation differing slightly according to the type of line. However, as the difference is not
material in relation to the accuracy of such calculations, only one standard spectrum is given
in relative values, the reference point being taken at 0,5 MHz.

The following formula is a good representation of this spectrum:
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AE=5[1—2(Ig10f)2] in dB

where

AE  is the deviation of the radio noise level at a given frequency f which is different from the
reference frequency of 0,5 MHz; and

f is the numerical value of the given frequency, taken in megahertz, where the formula is
valid over the range 0,15 MHz to 4 MHz.

It should be noted that other investigators have developed different formulae which give
similar_results

At higher frequencies the noise spectra are more difficult to predict.

4.3.3 Lateral profile

The variation of the noise fields as a function of increasing |a line is
charagterized by a decrease depending on the frequency ong a
perpe ik e line
under i ion. imi ions inte sharp angles,
Laterg e D or
the lat
Conv
file is
ductor
of the

m the
ce point (x,y,z), i.e. x = place along the line dt mid-
e the measurements are made, y=0m and z[=nm
ground of the outmost sub-conductor) to the centre of
omparison purposes it has been agreed that the reference
e’ profiles eventuaIIy converge is the direct distance Dy of 20 m

terally
of the

centre of the measuring antenna For comparison purposes it has been agreed that the
reference distance through which these profiles eventually converge is the lateral
distance y, of 15 m.

The standard profiles shown in Annex B, Figures B.1 to B.13, refer to the lateral distance y.

NOTE 1 Care should be taken as to not confuse measurement results obtained from measurements at direct
and/or lateral distances.

(4) Normalised and/or standard profiles (for the catalogue) are usually shown with a
logarithmic scale of distance.

While the profiles obtained from measurements at direct distances correlate with the
considerations on the prediction and predetermination formulae, this is not necessarily the
case for the profiles obtained from measurements at lateral distances. In the latter case, such
correlation is only given for conventional transmission lines with a conductor height above
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ground of up to 15 m. As a rule, future profiles of the noise field will be presented as a
function of the lateral distance y in relation to a reference distance y; =15 m, see also
Figure 1. Such a presentation is useful for predicting the width of the corridor along the
pathway of the transmission line subject to interference. It can be used for any type of modern
transmission line regardless of the height of the towers and the conductors above ground. It is
quite obvious that in such conditions the classical prediction formulae found elsewhere in this
publication may become invalid. If needed, the validity of these formulae should be checked.

The measured profiles are often irregular both because of the continual fluctuations of the
radio noise during a series of measurements and because of irregularities such as angle or
dead-end towers and terrain variations.

Numefous measurements carried out under some fifty different lines h
experimental knowledge of these profiles, which has been co
calculgtions.

ovided. g good
retical

€ep

An acgurate analysis has enabled profiles to be plotted as fun S i oltage
and configuration up to distances of about 100 m, beyond whichk j i blly so
low that reliable measurements are not practicable.

In the|vicinity of a power line there are two types of noise fie 5 ire i ield and
the rafiation field. The latter is a result of irregulariti i 3dg and
changes in line direction and imperfect ground dagti . B i i to the
resulting observed total field strength. i irect field
decre@ses as the square of the inc 3 | distance from the line, while thea field
strength component of the radiation fie i ‘ ateral
distange. Close to the line the direct fi es, bs the
radiation field predominates. Based on i tenna concepts, the magnitudes of the two

field gtrength contributio F pect i 00/2rf
metre$ where fis to be taken a i i . 3l fact,
the lateral attenuation i istance.
The aftenuation factor , ip 1,65
(see Annex C).

E is the lev actri i i , i , direct

E, is [the level of\the electric component of the noise field strength, in dB(uV/m), jat the
rence distance Dy = 20 m.

NOTE =15 m.

0 0

Further from the line the attenuation factor gradually decreases until it reaches a value of
unity. Some investigators consider that the magnitudes of the two field contributions are equal
at around 300/2nf m as discussed above.

Standard profiles are shown with a logarithmic scale of distance referring to a direct distance
to the conductor of 20 m. This presentation shows the physical law of the noise field strength
decreasing as a function of the distance from the nearest conductor. The profiles can also be
presented as a function of the lateral distance. This presentation is useful for predicting the
width of the corridor subject to interference.
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4.3.4 Statistical distribution with varying seasons and weather conditions

The systematic study of fluctuations in the radio noise level of a line necessitates the
continuous recording of the field strength under this line for at least a year at a fixed distance
from the line and with a fixed measurement frequency. Numerous researchers, in many
countries, have carried out such measurements with the result that there exists fairly reliable
data on the annual or seasonal variations in radio noise level. These results are often
presented according to statistical analysis methods, which are to say in the form of
histograms or as cumulative distributions. The latter express the percentage of time during
which the radio noise level was less than a given value.

The most important causes of fluctuations in recorded radio noise level are:

— th¢ random nature of the phenomenon;

— vafi
ten

— <c¢h
co

These|
voltag

The d
climatp
levels

f high

cather
y-rain
three

The d
distrib
distrib
Gausdian distributions.

On sugh an all weathe noise

levels <>
— Thie 99 % levelt

— The average fiea
co reaches 0,6 mm or more per hour. For this reaspn the
ave often chosen as the reference level for the calculation of radio
nojse. ica e average heavy-rain level is a 95 % level and is about 5 dB|lower
thand S

— The corresponding to dry conductor conditions. This is
important\for-practical purposes, but, due to the larger dispersion, a greater numper of
measurements thfoughout the year are necessary to obtain reliable results. Fortupately,
megasurements are more easily made in average fair weather than in average heavy fain.

infall is

— The 50 % level, read on the all-weather cumulaiive curve. This 50 % level shall not be
confused with the above defined average fair weather level, since it arises not only from
dry weather conditions, but also from the whole range of climatic conditions prevailing
during the long term recordings. Both the average fair weather and 50 % levels are
furthermore strongly dependent on the surface state of the conductors; these levels can
vary over a range of more than 10 dB according to whether or not the conductors are
polluted, greasy, etc. Some experts consider that the 50 % level will not vary by more than
10 dB over a relatively long period, say a month or a year, even though individual readings
may vary by more than 10 dB.

— The 80 % level, read on the all-weather distribution curve, is chosen as the characteristic
value, to be used as the basis for limits. This 80 % level, intermediate between the fair
weather level and the average heavy-rain level, is probably less subject to uncertainties
than the 50 % level and for this reason is preferred as the "characteristic level". A survey
of numerous cumulative curves shows that the difference between the 95 % and 80 %
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levels lies between 5 dB and 12 dB. As mentioned in 4.3.3, it should be remembered that

beyond about 100 m to 200 m reliable measurements are normally not practicable.

The above generalized guidelines are illustrated in Figures 3 to 6, related to 400 kV to
765 kV lines, and are valid for lines where the predominant noise source is conductor
corona.
5 Effects of corona from conductors
5.1 Physical aspects of corona from conductors
511 General
The ggneration of radio n0|se by conductor corona is by means of the electr'al diseharge,
usuall s as "a
dischgrge with slight Ium|n03|ty produced in the neighbourhood of a ted to
the region surrounding the conductor in which the electric field stre ertain
value'l. Many aspects of corona discharge on lines are unknowyr er, the
basic |physical process is that of electron multiplication or av lectric
gradignt in the vicinity of the line conductor is the highe ilent or
electri i ionize
the ggs molecules and electrons produced by this iohizatic If an
additignal electron is formed in this gradient by some~pro ectron
avalanche, a new avalanche is formed by this see arge is
develgped
In the| case of the transmission line con ndary
process is the ejection of electrons light
(photgionization) generated by the origina investi-
gator i iffcantly
greatdr than it is when the co gd line
condugtor, the cathod nd the
seconfary process exi
When|streamer ¢ exist.
Near loped
due tg ly the
direct|fi some
distan
For a 1.
5.1.2
5.1.2. General

The possibility of a corona discharge taking place at the surface of a conductor is dependent

upon several factors, these include:

a) Theoretical conductor surface voltage gradient which depends on:
1) system voltage;
2) conductor diameter;
3) spacing of the conductor from earth and other phase conductors;
4) number of conductors per phase or in the bundle.

b) Conductor diameter.

¢) Conductor surface conditions.

1 The figures in square brackets refer to the Bibliography.
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d) Atmospheric and weather conditions.
Each of these factors will be considered separately.

5.1.2.2 Conductor surface voltage gradient

One of the most important quantities in determining the radio noise level of a line, especially
when conductor corona is dominant, is the strength of the electric field in the air at the surface
of the conductor or surface voltage gradient.

Because of the close dependence of conductor corona on the value of this voltage gradient, it
is necessary to use a method of calculation which gives the gradient with a precision of about
1 %.

mean
te the
Xperi-

Since|conductors are usually stranded, the surface voltage gradien
value |around the circumference of the conductor. However, it is cu
surface gradient for a smooth conductor with the same overall dia
menta] stranding factor has to be introduced.

Formdlae for the calculation of the voltage gradient at the/Surface o iven in
AnneX A for the simple case of a single-phase line wit T 3. ME L. line
to the| more complex three-phase multicircuit and bipolar dxc. i . Us ations
need jp matrix equation and computer programs a circuit
three-phase lines and the more complex high-vo

5.1.2.

The r
surfad|
electri

ductor
of the
ductor
onger

lar or segmental stranding, and the condition of its
moothness or roughness, the presence or absenpce of
es, etc., have a strong influence on the generafion of
onductor when first strung will usually have higher g¢orona
i|, mud
rgized

er the
s that

‘ ded to
blacken completely a conductor WhICh makes |t Iook weathered and aIso destroys the surface
grease on new conductors.

There is also evidence that as the conductor ages the radio noise level, even during rain, will
decrease. The surface of a new conductor is hydrophobic, due to the oil that is present on the
surface from the manufacturing processes, and water beads form on this oily surface. As the
conductor ages, its surface becomes hydrophilic whereby the surface of the conductor draws
up the water drops into the strands.

5.1.2.5 Atmospheric and weather conditions

A reduction in the barometric pressure or an increase in the ambient temperature, or both,
can reduce the air density which reduces the breakdown strength of air and thereby increases
the likelihood of a corona discharge taking place on a conductor. The barometric pressure is
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usually important only at altitudes above approximately 1 000 m. In areas that have sufficient
rain, fog, frost or falling temperatures which can lead to the formation of ice or water droplets
on the conductor, corona discharges are more likely to take place due to these conditions.
Rain and snow are the cause of the highest corona activity at the surface of a conductor and
can cause the radio noise level to increase by more than 20 dB compared with the noise from
the same line under dry conditions. The water droplets or snow which collects on the
conductor surface during a storm modify the electric field significantly, creating a large
number of corona sources. Discharges may also occur when a snowflake or raindrop passes
the conductor and initiates a discharge from the conductor to the particle.

5.2 Methods of investigation of corona by cages and test lines

5.2.1 General

Two blasic methods have been used to investigate the corona phenorn G ahsnjission
lines. These are test cages and test lines [9, 21, 31].

5.2.2 Test cages

Test ¢ages have been used by many experimenters tg | i rapidly the exditation
functign of a conductor or a bundle of conductors [4 to f ) tion is relgted to
the cufrent in the bundle by the following:

(1)

where
I s dr or bundle of conductors in A/m1/2,
C is
I is
& is

The mai ge’ ¢ ( f the excitation functions is that it is a quantity

The radio noi i st cage is measured using measuring instruments complying
with C ~H t"at one end of the conductor or bundle is passed thrqugh a
high-freg i ircuit similar to those described in 4.5 of CISPR/TR 18-3. The
equivg i ce~af the resistors and of the measuring instrument used in these dircuits
is usu equa to the characteristic impedance of the conductor or bundle to avgid the

essive reflections.

occuriience ofssuce

Test c]ages have been found to give reproducible radio noise data under heavy rain but,(under
foul weather conditions, they have proved inadequate because of the relatively small number
of sources per unit length of conductor under normal stress. The length of conductor in a cage
is generally too short to give a representation of an actual long line. Additionally, the surface
condition of the conductor and meteorological conditions surrounding a short line near to the
ground are not necessarily the same as the conditions on an operational line.

Application of the excitation function to multi-phase lines requires the use of equation (1) in
matrix form [7 to 9].

l=5—xlcIxr] @)

(o]
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5.2.3 Test lines

Whilst test cages are built for reasons of economy and ease of testing, full-scale test lines are
still being built, primarily to study corona phenomena on future ultra high voltage (UHV) lines.
There is no standard length for test lines. Test lines, single and three-phase a.c. lines and
bipolar d.c. lines, as long as 8 km an as short as 300 m have been built, [10 to 30].

There have been some attempts to measure the excitation function on short test lines and
with some success, especially on short d.c. test lines, [28, 29].

For long transm|33|on Imes the radlo noise frequency spectrum exhlblts a characterlstlc of a
steadipy VPIRY ,

termi rum is
chara n the
length @ point.
The a uency
spectrn B, 29].
This d bssive
maxin ithmetic
mean |i

This 4 izontal
single ncies.
Howe alid for

5.3
5.3.1 General

Because of the néed p tra i ' , i th has
been ponducted “qyertt s, in various parts of the world, to understand the

bds to

prede

Radio three-
phase have
resultedSi . [These
formulae can.bet i i i i igh- ines, as
long ly on

have ¢volved over the years, the first one being analytical or semi-empirical and the second

experimental data either from test lines, operational lines or test cages. Two basic m%ethods
being kempirical or comparative

5.3.2  Analytical methods

No purely analytical method of predicting transmission line radio noise exists. Two semi-
empirical methods have been developed by Electricité de France (EDF) [8] and Project Ultra
High Voltage (UHV) [7] in the United States of America. Both of these analytical methods rely
on radio noise data from test cages and on highly complex analysis, and they are adequately
described in the literature.

The calculation of radio noise from transmission lines using these analytical methods is a two-
stage process. The excitation function is obtained from cage tests, the system of line
capacitances is established and the injected noise currents per unit conductor length are
calculated using equation (2). The theory of modal propagation is applied to obtain the modal
currents flowing in a given cross-section of the line. The attenuations of propagation of these
modal currents are calculated and these currents are recombined into real high-frequency
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currents taking into account the quadratic summation over the whole line length to obtain the
total noise currents.

The next step is to calculate the noise field near the line, which is based on the total noise
currents through the cross-section of the line, or the noise voltages on the phases. The lateral
noise profile can then be obtained (see examples in 5.4).

Computer programs are usually used to perform these complex calculations and such
programs have been written at EDF and Project UHV.

5.3.3 CIGRE method

The cpmparative formulae are generally quite simple and easy to use e of\the best
knowr| formulae for a.c. lines are described in a CIGRE Publicatiop hnical
literatlire [34, 35]. There are also several comparative formulae for/qQ: e are
descriped in Clause 8.

The Highest precision of predetermination, using any of th
choos|ng long-term data from an operational reference ling" wt
close o those being studied [36, 37, 38].

ined by
indles

CIGRE has made a more complete analysis of the d|ff 2 i using
the ddta collected by the CIGRE/IEEE urvey [6( 3¢ is i ped a
new method that can be considered > i simple
formula, which is given in 5.3 of CISP 1 '

5.4 |Catalogue of standard profiles
5.4.1 General

A large number of meas : i ines, i i ted by
measurements on cage and t i 5 for a

variety of line lines
constructed and mai other-
wise these conditig ductor
corona.

Annex B give i ue of the radio noise field which is possible to obtain|under
certain w : . It also includes references which can be used for pre-
determining iald that a new line may be expected to produce. It also includg¢s, as
examples, curves giw e field strength as a function of the lateral distance y from the line

for ceftain types-ef line (see Figures B.1 to B.13).

NOTE |The appearance of a given line in the catalogue in Annex B does not mean that this line generptes an

acceptdble-radio-noise-level-it-gives-only-an-indication-of-the-orderoi-magnitude-to-be-expected-forthe-given line

design.

5.4.2 Principle of catalogue presentation

Radio noise measurements taken both on operational lines and on test lines have indicated
that the stability and reproducibility of the field due to conductor corona is most accurate
under conditions of heavy and continuous rain. It should be noted that this heavy rain value
may not be the maximum foul-weather value, which can be a few dB higher.

Extensive statistical surveys have also indicated that there is a reasonable correlation
between the heavy rain radio noise level and the 50 % fair-weather level, though the
dispersion under fair-weather conditions is larger. For practical purposes, the 50 % fair-
weather level is usually of greater importance, this value being derived from the heavy
continuous-rain level by a reduction of between 17 dB and 25 dB, depending upon conductor
surface conditions.
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It is therefore possible to establish a catalogue of radio noise fields for certain transmission
lines. For the practical use of this catalogue, three noise levels are considered, namely the
50 % fair-weather level and, depending on the origin of the profiles, either the heavy-rain level
(20 dB higher) or the maximum foul-weather level (24 dB higher). From these reference levels,
it is possible to estimate the radio noise levels for other types of weather, if the yearly
statistical distribution of levels is known for the geographical area under consideration (see,
for example, Figure B.15).

These principles are valid only for radio noise generated by conductor corona. The radio
noise currents generated by other components of the line, insulator strings, hardware and so
on, are not taken into conS|derat|on These conditions are satisfied when the conductors of
the li
centi

from the insulators and other hardware which may, under certain
Under| these conditions it is not possible to use this catalogue to p
a good quality of insulators and hardware has been assumed.

The radio noise profiles for the 225 kV, 380 kV and 750
were ¢alculated by the Analig method [8].

The pr of the
CIGRE

The radio noise profiles for the 345kV a issi i i n this
catalo e

The s cients.

This r of a
line. given
in [40].

The shape of t i adi i i i i n the
condugtor confi i 9 IS i i ground
have ; \ ape of
the profile owing\to the b type
of conductor to~ano rtional
to eadh othe ofile) wi ignifi . Thi ion i ici y true
to be appflied in practice

In Anpex B, . The
influence of<the number and arrangements of conductors per phase, their diameter and their

voltage gradient, were taken into account merely by applying the appropriate correction to a
referencéprofile. Thus each figure in the catalogue gives such a reference profile and a table
of values and corrections applicable to other Ines using other conductors and bundles.

The profiles are given for a measurement frequency of 0,5 MHz and the radio noise levels for
other frequencies, 0,15 MHz to 4 MHz, can be obtained from Figure B.14.

The variations of the radio noise level, due either to climatic conditions or surface state of the
conductors, can also be taken into consideration by estimated corrections to the levels of the
basic profiles (see Figure B.15).

Examples of measurements and calculations can be found in [8, 35, 39].

The catalogue is summarized in Annex C according to the conventions agreed so far in
CISPR; that is to say the strengths of the radio noise fields are plotted as a function of the
direct distance, measured from the centre of the loop antenna to the nearest conductor of the
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line, using a logarithmic scale. From Figure C.1, it is seen that substantially straight lines are
obtained, and the field strengths at the reference distance of both, Dy = 20 m (direct distance)
and simultaneously y, = 15 m (lateral distance) are obtained by interpolation.

The main radio noise levels, given in the catalogue, are listed in the table of Annex C; from
this table it is possible to compare the levels of the various lines given in the catalogue and to
predict, with sufficient accuracy for practical purposes, the field strength to be expected from
a proposed line of similar design, provided the distance between a receiving antenna and the
nearest conductor of the line is greater than 20 m.

6 Radio noise levels due to insulators, hardware and substation equipment
(eixcluding bad contacts)

6.1 Physical aspects of radio noise sources

6.1.1 General

Insulafors, hardware and substation equipment may be the.source ofis ich may
lead tp radio and, . ~ arious
phenomena such as corona discharges in the air i s'a a , surface

dischgrges on insulators and sparks due to bad contacts. 9 in a[c./d.c.
convefting equipment, which can also be a source of radi ise ' i ge 8.

This gqlause examines the phenomena of co g dig ysical

6.1.2

Coronp discharges are cause adients at certain surfaces of harndware
such as suspension ¢ a ings , joints. ing that
the vqgltage applied to jthe ¢ e i ) ively increased, numerous different disgharge
processes occur. Anl y ome 0 ~ g to generate radio noise, but all are luminpus to
some [extent an 8. The phenomena are similar to those desribed
in 5.1 in respec Similarly, in this case, various corona modes [occur,

depending on the pola of(voltage~applied and in the following sequence; onset strgamer,

glow and pre-bre ¥ positive corona; Trichel or negative pulses, glow, and
pre-breakdowr S egative corona. A glow discharge does not produce radio| noise
but orlset stre s) I pulses produce low levels of radio noise but pre-breakdown
streamers produc i vels at very high voltages

The hlighest naise levels occur with modes corresponding to the pre-breakdown strgamer,
both gositive~and~negative; however, these phenomena take place at much higher gradients
that tHoselcorresponding to normal voltages and are therefore of little practical interest.

As in the case of conductors, radio noise from hardware tends to increase in high humidity or
rain, as a result of the increase in local gradients due to the presence of drops of water on the
surface of the hardware.

6.1.3 Radio noise due to insulators

Insulator noise may be due to various reasons, most of which are associated with phenomena
occurring at their surfaces, for example, small discharges due to enhanced local gradients,
corona discharges due to unevenness created by dry deposits or drops of water, or sparks
across dry bands caused by leakage currents on polluted insulators. Only in special cases, for
example defective insulators, is the noise due to phenomena occurring inside the insulator,
that is to say sparking in internal voids or punctures. However, radio noise can result from
discharges between the cement and porcelain or glass and may occur if small air gaps are
present at this margin.
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When the surface of an insulator is clean and dry, the current pulses at the origin of the radio
noise are caused by discharges in areas of high potential gradient, depending on the
geometry and material of the insulator and on the type of bonding to the cap and to the pin.
Figure 7 shows, by way of an example, the equipotential lines, expressed as a fraction of the
applied voltage, in a cross-section of a clean and dry insulator unit.

It should be noted that these lines are much more concentrated and, therefore, the gradients
are higher, near the cap and pin, where the discharges that cause the noise actually occur.
The values of local potential gradients in an insulator unit, and therefore the noise levels,
depend on the value of the voltage applied to the unit and, in the case of insulators consisting
of several units, they also depend on the voltage distribution along the insulator string. This
distribudti i its | ly, for
the longer insulator strings or post insulators, it is necessary to have devices, such as| metal
rings, to improve the voltage distribution.

The clurrent pulses producing the radio noise on a clean and dry \ins 3 t| differ
substantially between positive and negative polarity and, genera between
the z€ro and peak values of the applied power frequency voltage. ) bulses
and, gonsequently, the cut-off frequency of their spectrum, de he self-capacitahce of
the inpulator and the surge impedance of the line to whi e\ is connectefd. For

| values of these parameters, the cut-off frequency is-ak ‘MHNz. THe noise produced
by a glean and dry insulator is therefore limited 1Ci about 30 MHz and,
generally, for insulators with average characteri els are produced. Bad
design and suitable bonding can, however, ) extending to higher fre-
quencjes. As is also the case with cofon ( ire; television reception|is not
usually affected by this type of radio noise.

If the| insulator is lightly polluted and rea for example in fair weathdr, the
phenomenon described ab i | orona discharges at surface irregularities
causef by pollutants on<the\ins . : this second phenomenon producep less
seriouls effects than the fir ise levels, except in the case of certain types of
pollutipn, for example pea emi C not significantly different from, or only dlightly

greatgr than, tho@c an insulator.

If the|surface of the
produges pronoun

but damp or wet, the existence of drops of|water
rges which, generally, produce higher levels of| radio
noise | than are ischarges from points of surface pollution. This| latter
phenomenory i g fons, may become less important due to a better vpltage
distribution. S€ s.génerally greater than with dry insulators but, again, it is limited
to frequenci |

When|the sucrfas the insulator is heavily polluted and wet, the phenomenon is completely
differgdnt, since radio noise is produced by current pulses which flow when sparking ¢ccurs
acrosg the-dry bands that are created by heating due to the passage of leakage currepts on
the surface of the insulator. The amplitude and number of these pulses depend on the violtage
stress across the insulating dry bands, on the insulator shape and dimensions, on the surface
conductivity of the pollutant layer and on the characteristic of the material at the surface of
the insulator. The cut-off frequency of the spectra relating to these impulses may reach a few
tens of megahertz and therefore the radio noise may also affect television frequencies. With
wet and polluted glass or porcelain insulators, the radio noise at the normal voltage stresses,
that are imposed by dielectric withstand requirements, may reach much higher levels than in
other conditions previously described.

These levels may be reduced, not only by reducing the voltage stress, but also by using
insulators of special characteristics. For instance, insulators made of organic material, or
glass or porcelain insulators coated with grease, prevent the formation of a continuous damp
layer, and therefore of leakage currents and dry bands, due to the water repelling properties
of the surface. Consequently, these are adequate solutions for reducing the noise level in wet
and polluted conditions. However, such insulators may no longer be noise-free when aged
and their surfaces become contaminated and hence more wettable. The semi-conducting
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glaze type of insulator is also a possible solution, as it is characterized by relatively low noise
levels in polluted conditions, since the conducting glaze improves the control of voltage
distribution and the heat caused by the current flow in the glaze maintains dry bands which
are sufficiently wide to sustain the applied voltage without sparking.

6.2 Correlation between radio noise voltage and the corresponding field strength for
distributed and individual sources

6.2.1 General

This subclause deals with the problem of the correlation between the radio noise voltages of a
single source of noise as can be measured in the laboratory, and the radio noise field strength
imi burces

ductor
in the
and by
gh the

age V
t half the surge impedance of a fypical
level of the noise voltage V, in dB(u1V),

Briefly
above
and fg

nd’formulae for calculating the correlation between the
the generated electric field strength E. These me¢thods

6.2.2 emisemyi 3 6ach and formula
6.2.2.

The deneral approach for establishing a quantitative correlation between the radio|noise
currerft Vand the corresponding radio noise field strength E includes the following steps:

a) Single noise source

— Determination of the current /| of the source, which can be obtained directly in the
laboratory from measurement of the voltage V.

— Calculation of the noise current in each phase for the section of the line for which the
profile of the radio noise field is to be calculated. This step takes into account
longitudinal attenuation as well as mutual coupling between phases.

— On the basis of the radio noise currents in the above line section, calculation of the
radio noise fields due to these currents at different lateral distances from the line.

— For each lateral distance the aggregate field is obtained by the summation of the
above fields.

b) Multiple noise sources
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Repetition of the calculations described for the single source for each source present
in the phase under consideration.

Aggregation of the noise fields for each distance from the line, calculated separately
for each source on the phase under consideration.

ove approach determines the electric field strength E, due to the sources of noise that

are present on phase k of a line or a substation. Calculations are repeated for each phase on
which noise sources are present. The aggregate field strength level E at each lateral distance

is obta

ined, according to the rule described in [1], in adding 0 dB to 1,5 dB to the highest

value of the field strength level calculated for each phase at the particular lateral distance. In

normal cases mvolvmg three-phase lines, W|th the same distributed sources on each phase,
the c an be
negleg¢ted. The aggregate field strength level E can therefore be evaluated by ng the

6.2.2.2

s of noise on the nearest phase only.

On thI
a) Sipgle noise source

Formulae

basis of the above approach, the following semi-empirica ¢ ¢ ined:

ine, the
netres,

B(uA),
and at a given lateral distance_ i t , by the
following formula:

(3)
where A takes into of the
injection point. It
where Z, of the
injection poi ine, for

B, in

2 dB/km and 4 dB/km; an average value of 3 dB chn be
around 0,5 MHz.

rrelation between the strength of the noise field and the|noise

e _section of the line where the field is to be calculated. It cgn be
determined.experimentally, but it can also be obtained by making use of the following
forfnula (for the meaning of the symbols see Figure 8):

i h hT2F,
C =20lIg| 60 %+ 5
h“+y (h+2Pg)2+y

For a direct distance D from the conductor of 20 m, that is to say the CISPR position,
the value of C lies between 7 dB and 12 dB.

In the case of three-phase lines, a similar semi-empirical formula can be used for the
determination of the electric field strength level E(x) produced by the nearest phase:

E(x)=1+A+FXx)+C (4)

The most important difference between the two cases represented by formulae (3) and
(4) is that in the case of a three-phase line the longitudinal attenuation cannot be
expressed by means of only one attenuation constant; in this case the definition of an
attenuation function F(x) is necessary. Figure 9 shows an average trend of this
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attenuation function, based on the results of experiments performed on high voltage
and extra high voltage lines. The other symbols in formula (4) are the same as in
formula (3) [41, 45, 46, 47, 48, 49, 50].

b) Multiple noise sources

1) In the case of lines with only one conductor, the electric field strength level E, due to
multiple noise sources equally distributed along the conductor, can be expressed by
the formula:

E=1+A-10Ig(as) + C (5)

A and C are the same as in formula (3);

s is the distance between sources at the line in metres;

a is the attenuation constant per metre, and is related to coeffic (3) by
means of the relationship:

= (B/8,7)x 1073
The range of values assumed by coefficient a per Y ing t6 the rapge of
B given in the preceding paragraph is between 250 Lla (5)

iate Corrections dan be

2) - i ic\fi c v level E, due to distributed

(6)

~ noise
ige attenuation law given in Fidure 9.
dB. Formula (6) also applies to lines of

6.2.3

The ¢
analyt
condu
condu

tand noise field can also be evaluated by means of
dlready described in the case of the corona effgct on
ne radio noise current /, generated by an individual source on a
e, conductor, is known, the determination of the electrig field

stren én position with respect to the conductor, is carried ¢ut by
consiae i e, the splitting of the current / between the two sections of Iire, as
seen X oint. For example, in the case of a source of noise on a line of infinite
length|, gpagating along the conductor is then calculated and, finally, the field

produg¢ed by-the current at a given position is evaluated.

|n the ceaca nf Lnaoc vwith ~Anlv ana candiiatar far Avoamnla
T o COT T T e oW It Oy OTrc—C oo Cto o CXat e

& &= the-eatedilation
process is relatively simple, as all it calls for is a knowledge of the attenu t|on constant as a

function of the frequency and the resistivity of the soil.

In the case of lines with more than one conductor, three-phase a.c. lines, bipolar or
homopolar d.c. lines, the calculation of propagation of the noise is less simple and is
generally dealt with by modal analysis. The complete modal theory is relatively complex and
various more or less simplified procedures have been developed [2, 3, 8, 42, 43, 44]. The
principle, however, remains substantially the same and the actual system of radio noise
currents, or voltages, is reduced to a few simple systems, characterized by simpler laws of
propagation similar to those that exist for a system with only one conductor. It is then a
question of applying similar calculations to each system and then aggregating the individual
fields in order to determine the resultant field.
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Where several sources are distributed on one of the three phases, the calculation process is
much the same as previously described for the single source. In this case, account has only
to be taken of the aggregation of the various sources of noise which are usually assumed to
be of the random type.

In the case of noise sources on all three phases, the calculation of the E field is carried out
separately for the noise injected into each phase, and the total E field is obtained by the same
processes as those described in 6.2.2.1.

6.2.4 Example of application

is, a
using
gives

If the |[calculations are repeated using the semi-empirical/forn ith to the
CISPR position of 20 m from the nearest conductor and a goal ) r D of
11 dB| the following value is obtained for the electric field s ' N

E=0-6+11-10ig229 , 20456
00

This ig i i , m) calculated by the analytical njethod
(see Higure 10).

6.3 Influence of ambie

Subclause 6.1 gives q aI| ativeN i on the effect of the ambient conditions; hur[nidity,
rain, fpg, polluh@ 10i 5’of insulators and hardware. This information is
based| essentially 5, of the physical phenomena involved in the viarious

situatipns. The kng ge of-thesé\physical phenomena is generally sufficient to es{ablish
qualitati i the radjo noise levels as a function of the main parameters
chara izi : itions”of the insulators and hardware.

On the ncertainties still exist on the quantitative effects of [these
parameters. some results of radio noise tests performed by different gxperi-
menters on d insulators, especially in dry conditions, are not quite consfstent.
There|is at_pre agreed procedure for simulating in the laboratory the most common
servicg caonditions of lightly polluted insulators nor the implementation of any relevant test
result as referred to in CISPR/TR 18-2.

The matter is under consideration and will be reviewed when the results of studies within
CIGRE vyield agreed and conclusive data.

7 Sparking due to bad contacts

7.1  Physical aspects of the radio noise phenomenon

Not bonded conducting parts of a power line or substation, or even such items as nearby
metal fences or rain-water guttering, when in the strong electric field of high voltage power
lines and associated equipment, can become electrically charged and the potential difference
between adjacent conducting parts will increase even if both parts are floating, that is to say
they are not connected to a line conductor or to earth.
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If the distance separating the conducting parts is small, the increasing field strength in the
intervening space may reach the critical level and lead to a complete breakdown of the gap.
Avalanche ionization initiates the development of an arc, gap discharge occurs, the potential
difference across the gap then falls to a low level and the arc extinguishes. The whole
sequence of events can be repeated when the parts become re-charged, as the space is once

again

electrically stressed and the next gap discharge takes place.

The repetition rate of this sequence depends on the charging and discharging time constants
of the circuit and the value of the surrounding electric field, as well as on the length of the gap.
Individual sparks can occur at many hundreds to a few thousands of times per second. The
repetition rate is, however, at least one order of magnitude lower than the range of repetition

rates

f corana diqrhnrgpq

The probability of a particular gap sparking over is, of course, greater aro of the
power|frequency voltage. When the line voltage and consequently the e gap,
exceefls a critical value, a train or burst of sparks is generated duri

The dignificant factor in the shape of the discharge pulse and,
consefuently, a broad range of high frequencies is prod arison
betwepn the frequency spectra of the radio noise field fro arges,
at a pgarticular distance from the line frequenciep may
extend to a few hundred megahertz. cites a hardware or
compgnent which is capable of oscillating at a particul due to its geomietrical
dimenpgions, energetic narrow-band radiation 3 may>occur as the hardware or
companent acts as a tuned antenna. e harges may cause interfgrence
to the|reception of both a.m. radio signa d the vis] i g of television. By contrast, f.m.
radio,|in the v.h.f. band, the audio sig i y this
type of interference

Propapation along the line, wi 5006] ic and magnetic fields, and radiatipn are
the roltes by which thendistirbing radi L ies reach the receiving antenna. It hag been
obseryed, in practice, tha i ies corresponding to the long and medium wave
bands| propagat 0 > i ¥ along the line. At television and f.m.| radio
frequgncies the jati i ine”is less important than radiation from the spurce.
Line geometry, resi ing ground and the frequency are of major impoftance
to propagation. For cies, the attenuation along the line is greater apd the
distange of propagation is

Significa a noise field are normally confined to the immediate vicinity|of the
line, gossi .vn out to a few hundred metres on either side. If, however, a resonant
conditjon o are or component, a narrow band of radiation may be measyred at
distances of. up‘to a\few kilometres. A curve showing a typical relationship between field
strength and.distance’is shown in Figure 12. The fluctuations are the result of the interfaction
of the[direct'wave with the ground-reflected wave.

7.2

Example of gap sources

Gap sources on overhead lines may be due to lightly weighted cap and pin insulators, where
the weight of the insulator is insufficient to prevent the metal contact surfaces from oxidizing,
or with corroded metal parts, or faulty joints. In the case of porcelain string insulator units, it
has been found that sparks can be produced by discharges in small voids in the porcelain.
Broken insulators, paint layers and even objects not forming part of a transmission line, such
as nearby not bonded metal fences or gutters, may give rise to gap discharges.

Where wood poles are used for power lines, sparking may occur between items of metal
hardware which can lead to severe interference to television reception. This usually occurs
due to the shrinking or swelling of the wood with variations in the humidity. As the wood
shrinks, nuts and bolts used to hold the cross-arms in place, or to fasten insulator pins to the
pole or cross-arm, can become slightly loose. If any corrosion is present between the nut and
bolt, or the washer if one is used, an imperfect contact results and sparking takes place.
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Another source of television interference from wood-pole lines can arise from the staples used
to fasten the earth wire to the pole. As there are potential differences between sections of the
pole, the staples may spark over to the earth wire, particularly if there is any corrosion
between them.

Finally, the contact between a pin-type insulator and phase conductor can be a source of
sparking at the tie-wire, where the conductor rests in the top groove, or at the stirrups in the
side groove. The problem is the small, highly stressed, pockets of air between the conductor
and the insulator that may spark over.

Care shall be taken both during the erectlon of the line to ensure good workmanship

throu d, for
example by vandallsm are found and the necessary remed|al action taken. ntion
shoul L ity and
adequ cy of contacts at, for example air-break |solat|ng switches At ) ctions

provid

Gap discharges are strongly influenced by the weather. It is on y A small
gap be [ ir wn. In
wet weather the gap may be bridged with water ther RiTg i path.

Therefore, interference caused by gap discharges 3 B¢ i rmally
assoc|ated with fair weather and it is usually abse - is type
of interference is often referred to as dry noise.

8 Special d.c. effects

8.1 General

High vyoltage d.c. transm| SiOM\ Sy i ise i i i ways:
firstly, i - ' ry arc
type or thyristors and, hdrge and assomated phenomena on the high
voltage equipme . It is therefore necessary to takg into
consideration: €>

a) the
b) thg
Comp th higl geha.g. transmission systems, the problem of radio noise from high
voltage d.c. systems s not so important, as only relatively few are in operation throughqut the
world. Y, € ience of radio interference problems associated with high vpltage
d.c. s) than“that with high voltage a.c. systems. Most of the information op high

voltage d.c.« ference has been obtained from test lines and cages, and the remaindgr from
existing systems.

High voltage d.c. transmission systems are at present operating at voltages up to = 800 kV
and, in the near future, even higher voltages will be used [57].

8.2 Effects of corona from conductors

Although the causes of radio noise from high voltage d.c. systems, due to corona discharges
on line conductors, insulators and hardware, is the same as for a.c., there are some
noticeable differences in the effects.

The physical aspects of a.c. corona were discussed in 5.1, but the corona mechanism with d.c.
is different because:

a) a stationary ionization sheath is created around each conductor;
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b) a space charge is built up in the remaining space between the conductors and ground and
between the conductors themselves.

The ionization acts partly as a shield, which modifies the electric field close to the conductor
and, due to the space charge, the actual electric field differs markedly from the theoretical
static field.

For an a.c. line, no stationary space charge exists and the ionization effects around the
conductor act in a different manner.

Corona dlscharges are always initiated by collisions of free electrons with stable atoms.
These, v Wy

negati
betwep
repetifi
less frequent and have much larger amplitude.

The rgdio noise characteristics: level, frequency, spectrum and
d.c. line are determined by:

— depign parameters;
- ling

— wdather conditions.

The s bntical

Desigh parameters

Unlikg a.c. lines, a d.c.
bipolaf, with single or|b

relatively small becaus
rapid fault cIear‘b@
pollutipn than by ove

\ rn, or
sulator Iength and the pole spacing qan be
ages are significantly lower than with a.c., due to
sSually the insulator length is determined mpre by

Line v , Qnal facte voltage gradient and polarity
In the of d.cxlines oice of the line voltage is influenced not only by ecgnomic
reaso ' y he\layout of the convertor stations and valves. Although there|is no

Z vojtage, d.c. lines at present in service usually operate bgtween
+ 200kV and ~However, in the near future, the voltage level will be faised
considerably~‘Fhe_voltage of any high voltage line has a most important influence ¢n the
generation of radio roise. This influence depends on the surface stress, or gradient, [of the
condugters: If, for an a.c. line, a gradient of E kV/cm r.m.s. is used, the comparable gradient

Y — .
for a d.c. Tine would then be vZ E KV/cm. The d.c. line will, hOWEVET, produce a lOwWer noise
level than the a.c. line.

Disregarding the effects of ionization and space charge, the theoretical gradient can be
calculated as for a.c. lines (Clause 5) and this value is also used for radio noise calculations.
The influence of this gradient on the radio noise level was investigated on several test lines
and the results show that over the range 20 kV/cm to 27 kV/cm the radio noise level increases
at approximately 1,6 dB for each 1 kV/cm increment and above about 27 kV/cm the noise
level increases at lower rate.

The lateral profile of a bipolar d.c. line, with corona-free earth wires, is nearly symmetrical
about the positive conductor. This behaviour can be explained by the fact that the negative
conductor produces a lower level of radio noise than the positive conductor, because of the
different ionization mechanisms indicated in this subclause. With the same gradient for both
conductors the difference in their radio noise level contributions is at least 6 dB.
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Hence the contribution from the negative conductor to the aggregate radio noise level of a
bipolar line may be considered to be negligible. For a negative monopolar line, the noise level
may be even 20 dB lower than for the same line with positive polarity.

Weather conditions

It is well known that the radio noise level from a.c. lines is significantly influenced by the
weather conditions. Between fair weather and heavy rainfall this level may increase by up to
25 dB but in the case of d.c. lines the noise level actually reduces in rain.

Thus the highest radio noise level of a d.c. line normally occurs under conditions of fair
Weath::.' I\+ +hn hng.nn.ng nf rn.nfnll nnnl 'Fr\r rh-y SHOW prnnlplfﬁflr\n, Hmn IA\IAI mny v-lor for a

short {ime but when the conductors are fully wet it will decrease by up to10°dB and(ipn[ some

cases|even more. The level may also be mfluenced by the Ime conf|g ation ang the vpltage
gradie 3 ) vever,
the 80

As an ‘ . arious
hypotheses could be given, but they still have to be pr ‘ i igations are
necesp

Anothge hce of
wind. to the
positiy D,3 dB
to 0,5 gative
condu

Furthg cts; in
summ aused
by ins of the
air.

Frequg

In the ise“spectrum is one of the main characteristics of g high
voltag for d.c. lines seems to show a similar shape oVer the
long an i ¢ ast bands but further investigations should be made.

Subje

Invest wh that for d.c. lines, a lower signal-to-noise ratio (SNR) may be
accepfable than~for ac. lines given in 4.3 of CISPR/TR 18-2. For a particular reading on a
CISPR measuring receiver, the subjective annoyance of a d.c. line could be less than [for an
a.c. linebyas much as 10 dB.

Calculation of the radio noise level due to conductor corona

The radio noise level of a.c. lines, due to conductor corona, can be calculated by using
analytical methods or experimental formulae. Both are based on the results of many
measured values derived from test lines, test cages and operational lines. In the case of d.c.
lines, experience is relatively scanty, the data coming almost entirely from test facilities.

The analytical methods that can be applied to d.c. lines are similar, in principle, to those
described in Clause 5 for a.c. lines. Obviously, in this case, use shall be made of the
excitation function results (see 5.2) for measurements on d.c. test lines or cages, and account
should be taken of the propagation characteristics of d.c. lines.
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As for a.c. lines different empirical formulae for the calculation of the radio noise level for d.c.
lines have been evolved. Based on extensive measurements on lines [55], with various
configurations, the following formula is suggested for a bipolar line:

where

E=38+16(9pax—24)+461gr+5ign+

+ AE; + 33 Ig % + AE, in dB(uV/m)

is the level of the radio noise field strength in dB(uV/m);

is the maximum surface. grnr’linnf of the Iinn’ in l(\//r*m;

gmax

AE;

The v
the C

distan
zero.

The a
positiy
applie

Regar
chara

Meas|
for a.

where

is the radius of conductor or subconductor, in cm;
is the number of subconductors;

is the direct distance between antenna and nearest conduct
is the correction for different weather condition, in dB;

is the correction for different measurement frequency~i

e monopolar lines if the correct conducto
d pole voltage, the/hoise will be I than
ding bipolar transmission_[ines, “huilt,a

ter will dominatehif the.pole di greater than about 20 m.
rements r@ ate ‘of lateral attenuation for d.c. lines is similar
. lines. O e 0,4 MHz to 1,6 MHz and for a distance of &

E; D,

vel for
direct

are all

ed for
same
6 dB.
ppolar

o that
round

owing

E;

and FAI are the noise field strength values at the direct distances D2 an

respectively; and

E,

and D, are the reference values.

d D,

For the direct distance Dy of 20 m from the nearest conductor and using logarithmic terms,

this fo

rmula may also be written as:

E, = E; +331g2%
D,

The distance expression 33I9123—0 is an approximation which tends to give a low correction up
2

to about 100 m and high correction beyond this distance.
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A considerable variation in the measured results of the frequency spectrum at different
locations has so far been obtained, particularly at low frequencies. However, the frequency
spectrum shown in Figure B.12 and discussed in 4.3.2, which is valid for a.c. lines, seems
also to constitute a good average relationship for d.c. lines and it is, therefore, suggested that
this spectrum be used until more reliable material is available. The correction according to
this spectrum can be written:

AE; =5 (1 -2(Ig10f)2) in dB

where fis the numerical value of the measurement frequency, in MHz.

This ejxpression can be used from 0,15 MHz up to about 3 MHz.

For a rmally
low b noise
level g

8.3

There ators,
hardw| re will
be no

Under| dry weather conditions, the fadio\ n@i e by conductor corona may

dominpte for the higher voltage gradie C er,vthe radio noise level of a d.¢. line
condurtor decreases when the conduyete 5 is is in contrast to thg level
produged by the line insulators, as the n these insulators is determined by
the ohmic resistance of the pollution\ Fr ic perience it is known that, eyen in

districfs with a relativel llution, the surface of d.c. insylators
beconjes polluted in aprelativel is polluted surface becomes wet, partial
dischgrges occur whic igh increase in the radio noise level. Hence it

is poskible that the difference i duction of the noise level from d.c. lines,|under
some [condition @ | » nditions, above), may be influenced by the behaviour

of the[polluted ins ation of this assumption, more information is necegsary.

8.4

As weg derground cables and substations, high voltage d.c. |trans-
missign wctdde\convertor stations with their valve equipment. These valvgs can
generate radi i ir special operational performance, as they are acting as vefy fast
switches.

A conyertor/group normally comprises six valves fired cyclically at the power frequency|and a
complete\convertor installation may be made up of several such convertors. Each time g valve
is fired the voltage across it collapses and a wide spectrum of radio noise is generated
extending from very low frequencies to a few megahertz depending on the physical
dimensions of the connections. Because of lumped and distributed capacitances and
inductances in the associated connections and equipment, local loops may resonate and this
will produce peaks at certain frequencies.

This radio noise may be emitted directly from the valves and associated equipment
comprising, in this instance, mainly the feeders and the busbars of the convertor station.
These busbars will often be of considerable length and well able to act as efficient radiators.
The convertor will be, of course, connected to incoming and outgoing a.c. and d.c. circuits
and these may both be of overhead line construction. The radio noise will be guided and
emitted from such overhead lines.
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With any suppression measures, the radio noise level could be intolerable and it is, therefore,
necessary to reduce this level to an acceptable value. This can be achieved by different
methods which depend on the valve type and the technical installation of the substation.

In most of the earlier operational high voltage d.c. schemes, mercury valves were used. The
technical layout of this valve type requires a hall which protects the valves against
environmental influences and makes it possible to keep temperature limits within a specified
range. By electromagnetic screening of these halls the radio noise level outside can be
reduced considerably. Using solid metal sheets or wire mesh, an attenuation value of 40 dB to
50 dB for frequencies between 0,15 MHz and 5 MHz is possible. To reduce the noise passing
through the valve hall bushings, filters should be installed in all outgoing lines and the filtering
of the dc_lines shall be especially effective The convertor transformers bhetween the valve

group|and the a.c. lines, and the filter circuits on the a.c. side, may ssible
condugtion of radio noise from the convertor station to these a.c. lines.

In thg case of thyristor valves the radio noise problem may bé evere.
Thyrisftor valves, when fired, may have a voltage collapse time Ared with
1 us fpr mercury-arc valves. One reason for this is the use s within the
thyristor valve. With such a long voltage collapse time, it en the
valve,|hall, and radio noise filters may be simpler or even un

A possible solution for reducing direct radiation fro i installation of the thyristor
valve within a steel tank which acts as an effective\screen. ~ be taken that the tank
does not radiate as a dipole or resonaton

The f more
comp3 's and
substa from

conve

Gener
auxilia
type a

ise produced by convertor valves and their
of such a reduction largely depend on the valve
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9 Figures

This clause contains the figures referred to elsewhere in this technical report.

I\ Related to 15 m lateral distance from point directly under outer phase conductor
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Figure 1 — Typical lateral attenuation curves for high voltage lines, normalized
to a lateral distance of y; = 15 m, distance in linear scale
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Related to 20 m direct distance from nearest phase conductor
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: The diagram is drawn from the report: L. Paris, M. Sforzifi:
b dedotti da una serie di prove comparative. Rendiconti della

riteri di
o, 1964
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Figure 9 — Longitudinal noise attenuation versus distance from noise source
(from test results of various experiments frequencies around 0,5 MHz)
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as a function of the distance from the line
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Annex A
(informative)

Calculation of the voltage gradient at the surface
of a conductor of an overhead line

Various methods are available for the calculation of the voltage gradient at the surface of a
conductor of an overhead line. All these methods give very similar results for both non-bundle
conductors and symmetrlcal bundles con3|st|ng of a small number of subconductors; up to
three adiyid etrlcal
bundlg ages

[A.1]. lation
progrgms based on these methods. For the majority of line configurdti at'i re the
heightl of the conductors above ground and the spacing between{ phas ¢ ig large

compared with the conductor diameter or bundle dimensions and.th Cing is
large ¢compared with the subconductor diameter, a single-image an £

A further approximation to this approach is to calculate ALQE tor or
subcopductor, adopting the Maxwell potential coeffigient 9 \ S ite the

voltage gradient at the surface of the conductor or g harge
on thg conductor under consideration In the—ca ay be
repreg V ame capacitance as the hundle.
For sihgle conductors and symmetrica S miber of subconductoryg, very
simplg formulae can be used for the determi ¢ G ¢ gradient from the charge.

The ajerage gradient, g,,, is obtained 1g ‘Gaugs' theorem, from which the jilectric
field strength at the surfa 5 tHe surface charge density o diviged by

the permittivity &,:

(A.1)

where
q is
n is
d is

In the|case of a single phase line with earth return or a monopolar d.c. line, the calculation of
the charge g as a function of the applied voltage U IS very simple since the capacitance per
unit length C is given by:

2w e,

|n27h

leq

C =

where

h is the height of the conductor above ground in centimetres. Usually an average height is
used and it is found by taking the conductor height at the tower, or the mean of the heights
at the two towers of the span if the heights differ, and subtracting 2/3 of the sag at the
lowest point of the conductor;

leq is the radius of conductor or radius of bundle equivalent conductor in centimetres;
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log = d in the case of a single conductor;

eq 2

leq = b n,/m in the case of a conductor bundle;
2 b

where b is the pitch-circle diameter of the subconductors.

Then

q Cu U

Gav = = = (A.2)

negnd _ nEgNd _ nd.,

To ob
a.c. lin

In the
each ¢

where

ages on the conducf

bundl¢s and [p] is the square matrix o th ici ulticonductor configy

where

Dj; is the distance

As repar
follow

a) Sipgle-cireui

or bundles j and j;

ductor or bundle i and ground image of conductor or bun

voltages, the following elements are to be considered f

ree>phase lines

ase of

ors or
ration:

dle j.

br the

(U] (1]

[UJTUZJ =U{aJW|th a=-_+_ V3

U3 a2

where U is the modulus of the phase-to-earth voltage of the line. The above matrix refers to
lines without an earth wire or wires. To take into account the presence of earth wires, the
voltages, which are equal to zero on these wires, have to be inserted into the voltage matrix.
The order of the matrix is increased but this does not present a great problem in the solution
of the equations (A.3). However, it is possible, by dividing the matrix of potential coefficients
into submatrices relating to phase conductors and earth wires and coupling matrices, to
reduce the matrix order to hat for a line without earth wires. The presence of the earth wires
increases the voltage gradient at the conductors but, with usual configurations, this increase
is relatively small: 1 % to 3 %.
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b) Multi-circuit three-phase lines

In this case the voltage matrix [U] includes a series of elements which takes into account all
the phase conductors or bundles and, when present, the earth wires of the line. As an
example, the voltage matrix of a double-circuit three-phase line with two earth wires is an
eight-order column matrix. The corresponding potential coefficient matrix is an eight-order
square matrix, the inversion of which requires the use of a suitable computer. However, a
sufficient range of computer capabilities now exists for the calculation of the voltage gradient
of any type of multicircuit three-phase line.

It should be noted that the relative positions of the corresponding phases in the different
circuits_affect the charges on the conductors and it is important to take them into account
when [calculating the gradients of a multicircuit line. For example, the fl i of two
circuitp defined by 1, a, a2 and 1, a, a2 will result in higher gradients t igyration

ipolar d.c. lines

where| U is the value of the pole-to-earth voltage.

The presence of earth wires can be/taken in i .C. [three-
phase|lines.

The 2 d the
circun s indasNyich as it is calculated on the basis of
the avj d

d the
uctors

For 4i
circun

in a | of the
subco is the
exterigpr.and
A sim nce is
given py thefollowing formula:
/II_1\ u'
Jo = Jay L1+%cos¢9)

where @ is the angle between:

— the radius from the centre of a subconductor to a chosen point on the surface of the
subconductor;

— the line passing through the centre of the bundle and the point where the maximum
gradient occurs on the same subconductor.

In particular, the maximum gradient g,,,,, is given by:

(n—b1)d)

Imax = gav(1 +
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[A.1] IEEE Corona and Field Effects sub-committee Report — Radio Noise Working Group: A
survey of Methods for Calculating Transmission Line Conductor Surface Voltage
Gradients, IEEE Trans. on Power Apparatus and System, vol. PAS-98, No. 6, Nov./Dec.
1979, pp. 1996-2014.
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Catalogue of profiles of radio noise field due
to conductor corona for certain types of power line

The appearance of a given line in the catalogue does not purport that this line generates an

acceptable radio noise level.

Iable B.7T — List of prortiles

(These profiles refer to the middle of the spans and the levels
are related to the voltage given at the top of each figLye\
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Figure B.1 — Triangular formation (1)
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Figure B.2 — Triangular formation (2)
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Figure B.3 - Flat formation
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Figure B.4 — Arched formation
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Figure B.5 — Flat wide formation
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Figure B.6 — Vertical formation (480 (Rail) X 4B)
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Figure B.7 — Flat formation
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Figure B.8 — Flat formation
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